Introduction {#s1}
============

*Broussonetia papyrifera* L (Vent) family Moraceae (paper mulberry) grows naturally in East Asia (China, Korea, Taiwan, Japan) and Mainland Southeast Asia [@pone.0056549-Matthews1]. This tree species is one of the earliest plants to have been cultivated in SE Asia as a major raw material for making textiles and paper [@pone.0056549-Howard1]. It is a widespread crop species in the Pacific islands introduced by Austronesian speaking peoples [@pone.0056549-Matthews1], [@pone.0056549-Prebble1], [@pone.0056549-Seelenfreund1], as suggested by linguistic evidence [@pone.0056549-Green1]. *B. papyrifera* was one of the most important cultivated plants in both Near and Remote Oceania, associated with many economic, political and ritual uses, as still evident today on some islands, particularly in Western Polynesia. The use of plant fibers for the manufacture of textiles has been documented archaeologically for the Upper Paleolithic on the Eurasian continent and particularly the making of bark-cloth in many parts of the world precedes the use of looms. The ancient practice of making bark-cloth and bark paper likely began in Asia, where other species of *Broussonetia* are also known. In China its main use was for the manufacture of paper. From here it spread to Japan in AD 610 and developed into an industry of high quality paper products [@pone.0056549-Barker1].

Distribution and Dispersal of *B. papyrifera* {#s1a}
---------------------------------------------

The native distribution of the plant is Eastern Asia, China, Taiwan, Japan and Korea, where it grows in forest margins and mixed deciduous evergreen woodlands up to 2300 meters above sea level [@pone.0056549-Barker1]. It is a tree that can reach up to 20 meters in height, although in the Pacific it rarely grows above 3--5 meters and is kept as a shrub.

Paper mulberry was taken purposely to all islands in Remote Oceania by Polynesian settlers during the colonization voyages, as far as Hawaii, New Zealand and Easter Island, since it was a basic and necessary item for cultural reproduction. Oral tradition of Easter Island mentions paper mulberry as part of the basic supplies that were taken along [@pone.0056549-Mtraux1]. We must assume that it was an important item in Pacific cultures to explain the vast dispersal of the plant to all islands where people settled. Today the plant is still grown on many Polynesian islands, but has disappeared on several, particularly in East Polynesia [@pone.0056549-Seelenfreund1].

The present study is part of a larger project which sets forth to contribute to our understanding of the complex human history in the Pacific, using paper mulberry as a proxy of human migration. In an earlier paper [@pone.0056549-Seelenfreund1] we discussed the recent extinction of the plant on several islands, which limits our understanding of its dispersal history and genetic diversity. A potential approach to surmount the absence of extant plants is to explore the possibility of extracting DNA from the finished products made out of paper mulberry bark. Therefore a key question that arises is if DNA survives the manufacturing process of bark-cloth production; hence the problem of DNA survival is not simply of academic interest, but has practical benefits, as in many situations researchers may not have access to fresh materials [@pone.0056549-Olsen1].

Bark-cloth (Tapa) in the Pacific {#s1b}
--------------------------------

In the Pacific some other trees are also used for making bark-cloth (breadfruit, hibiscus and several fig species), yet in Polynesia, *B. papyrifera* reigns supreme. It has been known for almost 1,500 years as a plant whose bark can be used to make textiles (bark-cloth), commonly named tapa, of various grades up to the highest quality. The name tapa, currently used for generically designating bark-cloth made out of paper mulberry, came into use during the late 19^th^ century, and was originally a Samoan word referring only to the borders of non-decorated cloth. Tapa is prized and valuable, since it is warm, long lasting, soft, flexible and white. In the past, tapa was used for the elaboration of cloaks, skirts, loin clothes and ritual gifts [@pone.0056549-Kennedy1], [@pone.0056549-Kooijman1], [@pone.0056549-Bell1]. The making of bark-cloth, its use and role in past Pacific culture cannot be underemphasized.

For the manufacture of bark-cloth, the inner bast of the bark is used. The bast has to be separated from the stem and the outer bark. Clean dry strips of the inner bark are stored rolled up, inner side out, for later use. Once cleaned and scraped the inner bark is soaked in water or seawater to soften it, as in the paper making process. Then the strips of clean and wet bark are beaten on a flat stone or wooden surface with hardwood mallets until they are at least twice the original width. The more the cloth is beaten, the finer it becomes. Sometimes the strips are left to ferment in water before a second beating. Larger strips can be made by overlapping strips of tapa and beating them together [@pone.0056549-Barker1]. Until relatively recent times tapa was the main source of clothing on many Polynesian islands, until substituted by industrial textiles. Despite this, tapa still holds cultural importance, particularly in Western Polynesia and is having an important cultural comeback in Hawaii. Even today in Samoa, Tonga and other islands tapa is still used for religious purposes and as a symbol of wealth. Tapa is also used in the exchange of gifts and today, although many of the traditional forms of making textiles have been abandoned, their symbolic associations have often been transferred to new industrial fibers. Often as not, traditional and modern textiles share ritual and economic spaces (see for example [@pone.0056549-Colchester1], [@pone.0056549-Kchler1]).

There are artifacts made from tapa in different collections around the world, and some of these were collected at the time of first European contacts, which may be amenable to genetic testing. Each of these artifacts is typically unique to particular cultures or geographic regions and can provide insights into the cultural practices of the people who made them. Since bark-cloth is elaborated from biological material, molecular analyses have the potential to contribute significantly to the study of such artifacts. Molecular genetic markers have numerous potential applications if DNA can be isolated from "difficult" biological material, such as processed and unprocessed wood [@pone.0056549-Rachmayanti1] or feathers [@pone.0056549-Olsen1]. For example, DNA may yield relevant information for identification of endangered tree species [@pone.0056549-Asif1], authentication of wood remains and control of wood trade [@pone.0056549-Deguilloux1]. Other authors [@pone.0056549-Speirs1] reported the successful amplification of DNA from waterlogged archaeological oak wood from a marine environment. Likewise, Hartnup *et al.* [@pone.0056549-Hartnup1] were able to determine the geographic provenance of Maori cloak feathers from over a hundred different cloaks. Their data suggest that the eastern region of the North Island of New Zealand was the origin of most feathers from the particular cloak analysed. Similar molecular approaches have the potential to discover a wealth of lost information from cultural artifacts worldwide [@pone.0056549-Hartnup1].

Diverse molecular markers and fingerprinting techniques are rapidly developing for analyses of plant species, and DNA analysis of bark-cloth specimens could be a useful tool in the identification of un-provenanced specimens. In turn, the use of molecular markers could also be useful to analyse historical bark-cloth artifacts of known provenance from locations where the plant is now extinct to address different questions, such as those related to the dispersal of *B. papyrifera* in the Pacific. Alternatively, molecular markers can reveal the plant species used in the making of the cloth, particularly if different species or a mixture of plants were used in the manufacturing process of these textiles. The basic requirement for this kind of analysis is the isolation of DNA from bark-cloth, and the second requirement is the amplification of this DNA with markers which are informative for the identification of origin of the bark-cloth material. In this paper we report the successful isolation and amplification of DNA from diverse sources of bark-cloth from Remote Oceania.

Materials and Methods {#s2}
=====================

Ethics Statement {#s2a}
----------------

No specific permits were required for the described field studies. We used fresh plant material that came from the private gardens from two of the authors (AS and DS). The bark-cloth material from Easter Island, Hawaii and Marquesas were gifts to AS. The bark-cloth samples from Samoa and Tonga were bought at the local markets. No material was taken from protected land or National Parks. No endangered or protected species were used.

Plant and Bark-cloth Samples {#s2b}
----------------------------

Six samples of contemporary tapa from five islands were chosen for analysis ([Figure 1](#pone-0056549-g001){ref-type="fig"}). We have no particular information or details of the manufacturing process for the samples from Easter Island, Marquesas, Tonga and Samoa. However, we do know that the Hawaiian bark-cloth sample was soaked in seawater for about 3 weeks prior to beating.

![Fiber morphology of contemporary bark-cloth samples from different Polynesian islands.\
Bark-cloth samples were viewed directly under 10×magnifications. A.-Bark-cloth from Easter Island, Sample 1, B.- Bark-cloth from Easter Island, Sample 2, C.- Bark-cloth from the Marquesas archipelago, D.- Bark-cloth from Samoa, E.- Bark-cloth from Tonga, F.- Bark-cloth from Hawaii.](pone.0056549.g001){#pone-0056549-g001}

Samples of fresh leaves, roots and unbeaten inner bark of an individual paper mulberry plant from Easter Island were included for comparative purposes. Leaves from *Morus alba* of unknown origin sampled in Santiago, Chile, were used as control. In order to prevent contamination, DNA extractions of bark-cloth samples were performed in a physically separated laboratory not dedicated to research of plant samples. All PCR reactions were set up in a UV-treated PCR cabinet.

Analysis of Fiber Morphology {#s2c}
----------------------------

Fibres were observed under a common binocular lens under 10×magnification and photographed with a digital Tucsen camera 3.0 C (Tucsen Imaging Technology Ltd.).

Preparation of Plant Material and DNA Extraction {#s2d}
------------------------------------------------

Fragments ranging from approximately 3 mg to 62 mg (of approximately 1 cm^2^), depending of the origin of the bark-cloth sample, were taken from each specimen. Each bark-cloth sample was torn and cut lengthwise with a scalpel on a clean dry glass surface before adding reagents for DNA extraction. Samples of fresh unbeaten inner bark were obtained by peeling young stems and processed with a scalpel as described for bark-cloth. Root samples were finely sliced with a scalpel. Fresh leaves were ground in a small mortar using a porcelain pestle at room temperature.

DNA Extraction {#s2e}
--------------

DNA extractions of bark-cloth samples were performed with and without pretreatment with *Trichoderma viride* cellulase (Cat. N° 150584, from MP BioMedicals LLC, Solon, Ohio, USA) prepared at 5 mg/ml in sodium acetate 3 M pH 5.0. Treatment consisted in incubation of samples at 40°C for 0, 1, 3, 5 hours or overnight. DNA was extracted from all samples based on the protocol described by Lodhi *et al.* [@pone.0056549-Lodhi1]. Briefly, this protocol consisted of a homogenization of the plant tissue in an extraction buffer containing 2% CTAB, incubation at 60°C, extraction of proteins and impurities with organic solvents (chloroform and isoamyl alcohol) and precipitation of nucleic acids using cold absolute ethanol in the presence of salt. Finally, DNA was treated with RNase and resuspended in distilled water. Modifications of this protocol consisted in avoiding the use of PVP and increasing the β-mercaptoethanol concentration of the extraction buffer to 1%. For each extraction set, negative controls were included which were performed simultaneously. These negative controls contained extraction buffer but lacked the bark-cloth sample and were treated exactly as all samples for the rest of the extraction protocol. Bark-cloth samples were not treated with RNase, as degradation of RNA was assumed. Each set of DNA extractions from bark-cloth was performed on different days. DNA concentration and quality (Absorbance ratio 260 nm/280 nm) were measured using a NanoDrop ND-2000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) according to the user's manual.

PCR Amplification {#s2f}
-----------------

PCR amplification was performed to examine the success of DNA extraction from bark-cloth and plant tissues. Two different kinds of molecular markers, the ITS region and a nuclear microsatellite marker were chosen. In each case, PCR reactions were carried out using 20--30 ng of DNA from *Morus* leaf samples, 350--550 ng of DNA from *B. papyrifera* leaves, 30--100 ng of DNA from fresh bark and root samples and 20--900 ng of DNA from bark-cloth samples. All PCR reactions included positive reaction controls (DNA extracted from fresh *Morus* and *B. papyrifera* leaves) and a negative PCR reaction control (H~2~O).

PCR Amplification Using ITS Markers {#s2g}
-----------------------------------

The region comprising genes 18S and 26S was amplified by PCR using ITS-4 (5′-GCTTAAACTCAGCGGGTAGC-3′) and ITS-5B (5′-TCGCGAGAAGTCCACTGAA-3′) primers (as kindly suggested by Dr. K.-F. Chung, National Taiwan University, personal communication). The ITS1 region was amplified using primers ITS-A (5′-GGAAGGAGAAGTCGTAACAAGG-3′) and ITS-C (5′-GCAATTCACACCAAGTATCGC-3′) [@pone.0056549-Blattner1]. PCR-reaction mixtures consisted of 2.5 mM MgCl~2~, 0.625 mM dNTPs, 0.5 mM of each primer and 0.2 U/µl of GoTaq^R^ Flexi DNA Polymerase (Promega, Madison, WI, USA) in a final volume of 20 µl. Blank reactions were performed by adding the appropriate amounts of sterile distilled water to the reaction in all experiments.

The amplification program for both ITS regions consisted of an initial denaturation step at 94°C during 5 min, followed by 32 cycles (18S to 26S region) or 35 cycles (ITS1 region) with a denaturation step at 94°C for 1 min, an annealing stage at 60°C for 1 min, an extension at 72°C for 1 min and a final extension at 72°C for 7 min. Amplicons were analysed by electrophoresis on 1.5% agarose gels, dyed with GelRed Nucleic Acid Gel Stain (Biotium, Inc.) and visualized under UV light. At least 2 independent reactions were performed for each sample.

Sequence Analysis {#s2h}
-----------------

Samples were purified using the DNA Clean and Concentrator Kit™ from Zymo Research, Irvine, CA, USA) according to the manufacturer's instructions and sequenced at Macrogen Inc. (Seoul, South Korea). For bioinformatic analysis, polymorphisms were visualized and checked on electropherograms from all sequences using Bio Edit 7.1.3.0 software [@pone.0056549-Hall1]. ITS sequences were edited manually with the test version of EditSeq (DNAstar Lasergene v7.1.0) and aligned using the Clustal W method with MegAlign from the same software [@pone.0056549-Thompson1], [@pone.0056549-Higgins1].

PCR Amplification of Microsatellite Marker {#s2i}
------------------------------------------

Microsatellite sequences (SSR) were amplified using primers of locus SS05 Fw (5′-TCCAGCAAAGATGTGACAAAAGTT-3′) and SS05 Rv (5′-TTGCCTTCCCGATTATGCTG-3′) designed originally for *Morus* species [@pone.0056549-Zhao1]. PCR-reaction mixtures consisted of 2.5 mM MgCl~2~, 0.625 mM dNTPs, 0.20 mM of each primer and 0.2 U/µl of GoTaq^R^ Flexi DNA Polymerase (Promega, Madison, WI, USA) in a final volume of 20 µl. Blank reactions were performed by adding the appropriate amounts of sterile distilled water to the reaction in all experiments. The amplification program consisted of an initial denaturation step of 94°C during 5 min, followed by 35 cycles with a denaturation step at 94°C for 1 min, an annealing stage of 57°C for 1.5 min, an extension step at 72°C for 1.5 min and a final extension at 72°C for 5 min. Amplicons were analyzed by electrophoresis on 1.5% agarose gels, dyed with GelRed Nucleic Acid Gel Stain (Biotium, Inc.) and visualized under UV light. At least 2 independent reactions were performed for each bark-cloth sample. As controls, DNA samples from leaves from *M. alba* and leaves, root and bark tissues from *B. papyrifera* were included.

Results {#s3}
=======

Fiber Morphology {#s3a}
----------------

As shown in [figure 1](#pone-0056549-g001){ref-type="fig"} the samples vary in coarseness, density and colour. Bark-cloth samples from Easter Island were dense, coarse and of beige or brown colour. The bast fibers are bound closely together. The bark-cloth samples from the Marquesas archipelago and Samoa were of a thin, porous texture and a creamy white colour. In contrast, the sample from Tonga was relatively dense and presented brown spots over a beige background colour, possibly due to the application of dyes. The finest bark-cloth was from Hawaii, which was flexible and very thin, of paper-like quality and very white. It contained fewer impurities, possibly due to a more complex process of preparation involving several cycles of soaking and beating.

DNA Extraction {#s3b}
--------------

At least three DNA extractions were performed from each sample of bark-cloth using cellulase pretreatments of 0, 1 and 3 hours. Incubations of 5 hours and overnight were discarded as they did not yield amplifiable products and did not seem to be useful in increasing DNA extraction performance (data not shown). Contrary to expectations, cellulase treatment for 3 or more hours did not increase DNA yields; it is not clear if this was due to the effect of a prolonged incubation at 60°C or to the plausible presence of traces of contaminant enzymes from the cellulase purified from *T. viride*. In the case of Hawaiian bark-cloth, only one DNA extraction was performed in the absence of cellulase treatment.

For comparative purposes, DNA extraction of leaves, roots and fresh bark tissue were also performed from a single individual from Easter Island. The yield and properties of the DNA obtained from these tissues and from bark-cloth samples are summarized in [Figure 2](#pone-0056549-g002){ref-type="fig"}, which shows that the yield of DNA extracted from leaves (2.07 µg DNA/mg tissue) was about one order of magnitude larger than that obtained from the other plant tissues, whereas the yield of DNA from bark-cloth (0.08 to 0.18 µg DNA/mg tissue) was similar to that from bark tissue (0.10 to 0.25 µg DNA/mg tissue), according to spectrophotometric measurements.

![Comparison of DNA yield extracted from fresh tissues from an individual *B. papyrifera* plant and from bark-cloth from Easter Island.\
Yields obtained from DNA extractions of leaves, root and fresh bark. 1 H: One hour treatment with cellulase; 3 H: 3 hours treatment with cellulase; EI1: Easter Island sample 1; EI2: Easter Island sample 2. Standard deviations from triplicates are indicated.](pone.0056549.g002){#pone-0056549-g002}

[Table 1](#pone-0056549-t001){ref-type="table"} summarizes the general properties of the analyzed bark-cloth samples. Given the differences in density and homogeneity of the textile fibers, a range of sample weights were obtained for sample sizes of about 1 cm^2^. Average sample weight ranged from 8.6 mg to 27.7 mg (Marquesas and Hawaii) to the thicker and coarser samples from Easter Island which weighted between 15.9 to 41.7 mg. The spectrophotometric absorption profiles for each DNA extraction showed a maximum at 260 nm for all samples. A representative profile for each kind of sample is presented ([Figure 3](#pone-0056549-g003){ref-type="fig"}). The negative control did not display absorption at any wavelength ([Figure 3A](#pone-0056549-g003){ref-type="fig"}), while DNA profiles from *B. papyrifera* leaf and bark ([Figures 3B and 3C](#pone-0056549-g003){ref-type="fig"}, respectively), which were both extracted from fresh tissue, displayed the expected maximum absorption at 260 nm. The DNA extracted from bark-cloth samples also showed the characteristic absorption spectrum. Average DNA concentration values ranged from 8.0 to 17.3 ng/µl in the case of the Marquesan bark-cloth, to 125.7 to 314.1 ng/µl from the Tongan bark-cloth sample, which yielded the maximum DNA amount (see [Table 1](#pone-0056549-t001){ref-type="table"}). Negative controls showed average DNA concentration values that are similar to background levels (0.7--4.6 ng/µl). The ratio of 260/280 values corresponded to pure DNA samples, except in the case of Tongan bark-cloth, which presented a minimum ratio of 1.39 and Easter Island 1 bark-cloth, which presented a maximum ratio of 2.55. Values below 1.8 can be explained by the presence of contaminants [@pone.0056549-Varma1], whereas a ratio higher than 2.0 nm indicates that the samples could be contaminated with residual chloroform from the extraction procedure [@pone.0056549-Borges1]. It is difficult to ascribe ratios over 2.0 to the presence of RNA, as has been previously described [@pone.0056549-Varma1], since is not very plausible that RNA is still present, especially as single stranded nucleic acid molecules, considering that the bark is subjected to a prolonged and complex treatment during the making of bark-cloth. Bark-cloth DNA extracts from Easter Island sample 1 and the Tongan sample were purified using the Genomic DNA Clean & Concentrator ™ Kit (Zymo Research), however this procedure did not improve DNA concentration, nor the 260/280 absorbance ratio or PCR performance, and therefore was omitted in the remaining samples.

![Absorption profiles of DNA extracted from fresh *B. papyrifera* tissues and bark-cloth samples.\
A: Negative control; B: *B. papyrifera* (leaf); C: *B. papyrifera* (bark); D -- I: *B. papyrifera* bark-cloth from D: Easter Island, sample 1; E: Easter Island, sample 2; F: Marquesas; G: Samoa; H: Hawaii; I: Tonga.](pone.0056549.g003){#pone-0056549-g003}

10.1371/journal.pone.0056549.t001

###### Details of the bark-cloth samples used in the study.

![](pone.0056549.t001){#pone-0056549-t001-1}

  Geographic Origin ofBark-cloth Sample    Cellulase treatmenthours (replicates)   Sample weight (mg)   DNA Concentration(ng/µl)   Range A~260~/A~280~   Yield (µgDNA/mgbark-cloth)   Amplifiable ITS-1 DNA   Amplifiable SSR DNA locus SS05
  --------------------------------------- --------------------------------------- -------------------- -------------------------- --------------------- ---------------------------- ----------------------- --------------------------------
  Easter Island 1                                         0 H (3)                       15.9±2.2               28.4±14.6               1.76--2.55                0.170±0.07                    yes                          no
                                                          1 H (3)                      31.9±19.5               54.9±32.7               1.85--2.00                0.169±0.02                                  
                                                          3 H (3)                      41.7±19.5               28.2±19.6               1.87--2.00                0.082±0.04                                  
  Easter Island 2                                         0 H (3)                       19.0±6.7               65.0±28.6               1.89--2.16                0.340±0.10                    yes                         yes
                                                          1 H (3)                       23.8±7.9                39.2±5.7               1.90--1.97                0.180±0.05                                  
                                                          3 H (3)                       22.3±6.2               49.4±31.0               1.61--1.93                0.211±0.11                                  
  Marquesas                                               0 H (3)                       11.0±5.8               17.3±10.7               1.90--1.98                0.155±0.03                    yes                         yes
                                                          1 H (3)                       8.6±2.6                 8.5±3.3                1.76--1.97                0.096±0.01                                  
                                                          3 H (3)                       11.2±2.2                8.0±1.6                1.85--1.89                0.072±0.01                                  
  Samoa                                                   0 H (3)                       12.2±4.0               70.9±11.8               1.97--2.10                0.655±0.27                    yes                          no
                                                          1 H (3)                       16.2±2.4               58.4±14.3               1.96--2.03                0.357±0.05                                  
                                                          3 H (3)                       16.5±2.4                32.0±4.7               1.83--1.91                0.196±0.02                                  
  Tonga                                                   0 H (3)                       23.9±1.2               314.1±47.2              1.82--2.05                1.306±0.15                    yes                         yes
                                                          1 H (3)                       26.9±2.0              211.8±107.3              1.39--1.87                0.813±0.47                                  
                                                          3 H (3)                       28.1±3.8               125.7±30.1              1.49--1.75                0.458±0.12                                  
  Hawaii                                                  0 H (1)                         27.7                    7.7                     1.88                     0.028                       yes                      Not tested
  Negative control                                        0 H (4)                          --                   4.6±3.9                1.61--2.25                    \-                        no                           no
                                                          1 H (3)                          --                   1.0±0.8                0.88--2.95                    \-                                      
                                                          3 H (2)                          --                   0.7±0.7                0.47--3.27                    \-                                      

In an attempt to obtain DNA from bark-cloth samples using a non-invasive treatment, we also incubated the same samples overnight in extraction buffer, under three different conditions: 1) 16 hours at room temperature, 2) 16 hours at 60°C and 3) one hour incubation at 60°C followed by 16 hours incubation at room temperature. Samples were then submitted to the extraction protocol described above. These extraction products were also analyzed spectrophotometrically and some samples exhibited a characteristic DNA profile with absorption maxima at 260 nm (data not shown). However, none of these extraction procedures yielded amplifiable DNA using ITS and SS05 microsatellite markers, with either GoTaq DNA Polymerase (Promega) or Herculase Enhanced DNA Polymerase (Agilent Technologies) using the PCR protocol recommended by the supplier.

ITS Amplification and Sequencing {#s3c}
--------------------------------

DNA extracts from bark-cloth were assayed for amplification of the complete ITS region, spanning the ITS1-5, 8S-ITS2 sequences, that in *B. papyrifera* are of approximately 700 bp [@pone.0056549-Seelenfreund2]. The same samples were also subjected to amplification of the ITS1 region of about 300 bp. Results showed that attempts to amplify the complete ITS region were unsuccessful ([Figure 4A](#pone-0056549-g004){ref-type="fig"}), confirming that DNA from bark-cloth has suffered degradation during the manufacturing process. Interestingly, expected amplicons of 300 bp were obtained for ITS1 from all bark-cloth samples tested ([Figure 4B and 4C](#pone-0056549-g004){ref-type="fig"}).

![Amplification of the ITS region using DNA obtained from bark-cloth.\
A.- Complete ITS region, lane 1∶100 bp DNA Ladder, lane 2: *Morus* (leaf), lane 3: *B. papyrifera* 1 (leaf), lane 4: *B. papyrifera* 2 (leaf), lanes 5 to 9: bark-cloth samples. Lane 5: Easter Island 1, lane 6: Easter Island 2, lane 7: Tonga, lane 8: Marquesas, lane 9: Samoa, lane 10: H~2~O. B.- ITS1 region, lane 1∶100 bp DNA Ladder, lane 2: *Morus* (leaf), lane 3: *B. papyrifera* 1 (leaf), lane 4: *B. papyrifera* 2 (leaf), lanes 5 to 9: bark-cloth samples. Lane 5: Easter Island 1, lane 6: Easter Island 2, lane 7: Tonga, lane 8: Marquesas, lane 9: Samoa, lane 10: Negative control, lane 11: H~2~O. C.- ITS1 region, lane 1∶100 bp DNA Ladder, lane 2: *Morus* (leaf), lane 3: bark-cloth from Hawaii, lane 4: Negative control, lane 5: H~2~O.](pone.0056549.g004){#pone-0056549-g004}

The ITS1 sequence information for all bark-cloth samples indicated that they corresponded to *B. papyrifera* material of Polynesian origin (GenBank accession number HM623778.1), as they displayed the characteristic polymorphism found in samples originating from this region of the Pacific [@pone.0056549-Seelenfreund2]. Negative controls and/or blank controls (water) did not show presence of DNA ([Figure 4A](#pone-0056549-g004){ref-type="fig"}, lane 10, [Figure 4B](#pone-0056549-g004){ref-type="fig"}, lanes 10 and 11 and [Figure 4C](#pone-0056549-g004){ref-type="fig"}, lanes 4 and 5).

Microsatellite Markers {#s3d}
----------------------

As at present there are no published SSR loci for *B. papyrifera*, we performed amplifications with a microsatellite marker developed for the related genus *Morus*. We assayed locus SS05, which displays an allele size range of 342--478 bp in mulberry [@pone.0056549-Zhao1]. The chosen marker exhibited transferability to *Broussonetia*, as DNA from different *B. papyrifera* tissues could be amplified showing a band or double-band of similar size than *Morus* ([Figure 5](#pone-0056549-g005){ref-type="fig"}, lanes 3 to 6). In the case of DNA extracts from bark-cloth positive PCR amplification was obtained, as shown by Easter Island sample 2 in [Figure 5](#pone-0056549-g005){ref-type="fig"}, lane 7. Negative and blank controls (water) did not show evidence of DNA ([Figure 5](#pone-0056549-g005){ref-type="fig"}, lanes 8 and 9). Successful amplification was achieved for three (Easter Island 2, Marquesas and Tonga) of five bark-cloth samples assayed, as summarized in [Table 1](#pone-0056549-t001){ref-type="table"}.

![Amplification of the microsatellite SS05 locus using DNA obtained from different *B. papyrifera* tissues and bark-cloth.\
Lane 1∶100 bp DNA Ladder, lane 2: *Morus* (leaf), lane 3: *B. papyrifera* (leaf), lane 4: *B. papyrifera* (fresh bark), lane 5: *B. papyrifera* (root), lane 6: *B. papyrifera* (root hair), lane 7: Easter Island bark-cloth sample 2, lane 8: Negative control, lane 9: H~2~O.](pone.0056549.g005){#pone-0056549-g005}

Discussion {#s4}
==========

In this study we used samples of bark-cloth from different origins and textures to establish a protocol to extract amplifiable DNA. As shown in [Figure 1](#pone-0056549-g001){ref-type="fig"}, the different fibres were quite dissimilar in coarseness, colour and density. Nonetheless, it was possible to extract DNA from all tested samples. For achieving this, pieces of bark-cloth were subjected to a simple protocol based on mechanical shearing or grinding of the material and the use of CTAB detergent. Compared to yields obtained from fresh leaves, DNA extracted from bark-cloth was significantly lower ([Figure 2](#pone-0056549-g002){ref-type="fig"}).

DNA extractions from bark-cloth showed spectrophotometric absorption profiles with a characteristic maximum at 260 nm and most samples exhibited an appropriate 260/280 ratio. Although purity ratios and spectral profiles are important indicators of sample quality, the best indicator of DNA or RNA quality is functionality in the downstream application of interest [@pone.0056549-Lodhi1]; in our case, PCR amplification for molecular marker analysis. We first chose to analyse the ITS region as this is a well-known robust marker and because its sequence corresponds to a multicopy region of the nuclear genome. We evaluated the amplification of the complete ITS region, a sequence of approximately 700 bp, which amplified leaf DNA, but failed in all bark-cloth samples ([Figure 4A](#pone-0056549-g004){ref-type="fig"}). In contrast, the ITS1 region, which spans only 300 pb was successfully amplified in the same samples ([Figure 4B](#pone-0056549-g004){ref-type="fig"}). These results are probably due to the fragmentation of nucleic acids that occurred during the manufacturing of bark-cloth. Breakdown of genomic DNA has been described in ancient plant material, suggesting that fragments of more than 300 bp often cannot be amplified from extracts of ancient plant DNA [@pone.0056549-Schlumbaum1]. Due to its harsh treatment during manufacture, bark-cloth may be considered equivalent to ancient plant material.

We then assayed the amplification of the microsatellite locus SS05 (originally developed for *Morus*) on the same DNA samples obtained from bark-cloth. Amplification products of approximately 400 bp in three out of five bark-cloth samples were obtained. In comparison to ITS sequences which correspond to multicopy regions, microsatellites are single copy nuclear markers, a fact that may explain the lack of amplification of these sequences in some samples due to mechanical shearing. This result suggests that bark-cloth specimens from different islands may have been subjected to dissimilar treatments during manufacture or storage, and some might have been more aggressive on DNA integrity. No direct correlation between texture and success in PCR amplification could be observed, based on the relative coarseness of the bark-cloth samples, as both the thick coarse cloth from Easter Island and the thin almost white sample from the Marquesan archipelago yielded amplification products.

The bark-cloth samples used for this study are all contemporary material, and not museum specimens or ancient material. We used these modern samples as proof of principle for the extraction of DNA and to implement an appropriate protocol based on molecular markers for later application to historic materials. It is expected that only small amplification products can be obtained, therefore the target regions for PCR reactions should be between 80 and 300 bp [@pone.0056549-Schlumbaum1], and previous knowledge of the target DNA sequences chosen for analysis is necessary. Also, markers which are present in multiple copies such as chloroplast or nuclear ribosomal (ITS) markers have more chances of survival than single copy markers. This is in agreement with reports of DNA survival in other materials, such as leather, where multicopy mitochondrial DNA survives the tanning process, whereas single copy nuclear markers do not [@pone.0056549-Vuissoz1]. As with ancient plant DNA, when applying these protocols to museum specimens, precautions will have to be taken to avoid contamination with modern plant DNA.

In our case, cross contamination between bark-cloth and fresh tissues from the same species was avoided by using a separate laboratory to perform DNA extractions, and amplification reactions were then set up in a UV-treated PCR cabinet. DNA amplifications were achieved only for fragment lengths of around 300 bp (ITS1 and SSR); sequencing of ITS1 fragments revealed the presence of DNA ascribed to the Polynesian haplotype of *B. papyrifera* [@pone.0056549-Seelenfreund2]. Moreover, our negative and blank controls were shown to be free of contaminant DNA in PCR reactions for both ITS and SSR markers.

As museums are wary of removal of even small pieces of material from intact historical or ethnographic bark-cloth specimens for destructive analyses, it is necessary to find small detached pieces from specimens in order to perform this kind of study. The small size of fragments used in this work (1 cm^2^ or less) may satisfy the requirements of museum curators. As discussed above, the use of molecular markers for the analysis of cultural materials can provide valuable insights into the cultural practices of the people who made them. Since bark-cloth in Polynesia is made mainly but not exclusively from *B. papyrifera* fibres, molecular markers could also be a useful tool for identifying the botanical species used to manufacture bark-cloth. Molecular markers may also proof helpful for the identification of bark-cloth specimens of unknown provenance. A wealth of historical information housed in international collections can therefore be explored with minimal damage to valuable ethnographic artifacts.

Non-invasive extraction procedures are extremely valuable for the analysis of museum samples, as shown for insect collections [@pone.0056549-Gilbert1] and would have been of immense value for examining intact historical tapa specimens. The possibility of using non-invasive methods opens unprecedented possibilities of research at a molecular level; unfortunately a non-invasive procedure assayed in this study did not yield positive results.

Contemporary, historic and ancient plant materials have been studied using appropriate molecular markers, as reported for processed, submerged and unprocessed wood [@pone.0056549-Rachmayanti1]--[@pone.0056549-Speirs1] and also for papyrus [@pone.0056549-Marota1]. This study on bark-cloth adds a new source of materials of plant origin for genetic analysis. Overall, this work outlines a simple method showing that it is possible to extract and amplify DNA from bark-cloth using molecular markers for the analysis of ethnographic material. The present protocol may not be limited to paper mulberry bark-cloth, and can prove useful on other kinds of cultural materials made of plant fibres. The feasibility of genetic analysis opens up new scenarios for the study of textile materials of cultural importance.
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